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SUMMARY 


-  On  three  occasions,  portable  magnetometer  experiments  with  automated 
data  systems  designed  especially  for  unsupervised  operation  were  sited 
within  a  50  tan  radius  of  underground  nuclear  tests  at  the  Nevada  Test  Site. 
The  purpose  of  these  experiments  was  to  determine  whether  the  disturbance 
of  the  atmosphere  by  the  ground  movement  related  to  the  test  created  a 
measurable  perturbation  current  in  the  ionosphere.  Preliminary  analyses  of 
the  results  suggest  that  the  natural  ULF  magnetic  background  is  too  noisy 
to  allow  the  certain  identification  of  a  test-related  signal  by  visual  . 
inspection  of  chart  records.  However,  more  sophisticated  computerized 
methods  can  be  applied  to  identify  small  differences  in  magnetic  fields 
measured  at  several  sites.  The  negative  result  reported  here  is  thus 
qualified  to  the  extent  that  we  have  not  made  use  of  these  more  sensitive 
data  analysis  tools % 


I.  DESCRIPTION  OF  THE  EXPERIMENT 


Sudden  disturbances  of  the  neutral  atmosphere  by  above-ground  nuclear 
tests,  explosions,  volcanic  eruptions  and  earthquakes  have  been  observed  to 
produce  traveling  atmospheric  waves  with  periods  <-10-30  minutes  at 
ionospheric  altitudes  (-80-300  km) .  In  the  case  of  Mt.  St.  Helens,  the 
waves  collisionally  coupled  to  the  ionosphere,  resulting  in  oscillating 
perturbation  currents  that  were  observed  across  the  U.S.  with  the  Air 
Force  magnetometer  network  that  was  designed  and  constructed  by  our  group 
at  UCLA  (Fougere  and  '•’saooyeanes,  1980) .  Because  the  ground  movement 
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caused  by  nuclear  tests  produces  local  atmospheric  effects  that  are 
detectable  by  ionosondes,  the  Nevada  Test  Site  provided  an  opportunity  to 
investigate  this  particular  manifestation  of  atmosphere-ionosphere  coupling 
in  a  relatively  controlled  experiment.  Magnetometers  (2-3  separate 
instrument  packages  with  specially  designed  automated  data  systems)  were 
deployed  by  UCLA  at  sites  within  50  km  to  150  km  of  the  ground  zero  during 
three  tests  in  1982.  The  locations  of  two  of  the  magnetometers  are 
identified  in  Figure  1,  which  shows  Frenchman  and  Area  25,  while  the  third 
site  at  Pahrump  is  approximately  60  km  south  of  Area  25.  Most  of  the  tests 
occurred  in  the  vicinity  of  Pahute  Mesa. 

Hie  atmospheric  waves  that  are  observed  to  travel  great  horizontal 
distances  in  the  ionosphere  have  the  property  that  they  are  practically 
nonoorapressive,  i.e.  they  appear  as  oorrugations  of  isodensity  surfaces  of 
the  neutral  atmosphere.  They  have  wavelengths  of  ~20-2000  km,  periods  of 
10  minutes  to  several  hours,  and  horizontal  phase  fronts  that  travel  at 
speeds  ~300  m  s"1  (cf .  Hines,  1974) .  Collisions  between  neutral  particles, 
which  are  performing  oscillatory  motions  in  these  waves,  and  the  ions  and 
electrons  in  the  ionosphere  produce  oscillating  currents  because  the  ions 
and  electrons  have  different  cross  sections  for  collisions  with  the 
neutrals.  Magnetometers  on  the  ground  detect  magnetic  fields  from  every 
element  of  the  ionospheric  current-carrying  volume  illustrated 
schematically  in  Figure  2.  However,  the  magnetometers  also  detect  currents 
that  are  associated  with  natural  ULF  geomagnetic  activity. 

Natural  geomagnetic  activity  in  the  period  range  5-20  minutes,  belonging 
to  the  class  of  Pc  5  micropulsations ,  occurs  regularly  (cf.  Campbell, 

1976) .  The  feature  of  the  Pc  5  micropulsations  that  distinguishes  them 
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frcro  the  atmospheric-source  "pulsations"  is  that  the  Pc  5  pulsations  occur 
simultaneously  over  a  large  area  of  the  earth,  while  the  atmospheric  wave 
related  disturbance  should  appear  to  travel  with  a  ~300  ms-1  velocity 
between  nagnetometers  situated  at  spaced  sites.  It  was  hoped  that  the 
natural  ULF  background  during  the  underground  tests  would  be  at  a  low 
enough  level  to  allow  the  identification  of  the  traveling  atmospheric 
disturbance  in  at  least  two  of  the  magnetometer  records,  thereby  permitting 
verification  of  the  atmospheric  origin  by  virtue  of  the  time  delay. 

For  magnetometer  sites  at  40  km  and  110  km  range,  for  example,  the 
significance  between  the  arrival  times  of  the  effects  of  the  current 
perturbations  would  be  about  3  minutes.  We  sanpled  the  local  magnetic 
field  every  10  s,  in  order  to  be  able  to  resolve  such  a  separation.  A 
sensitivity  of  .1  nT  (nanoTesla  =  lCT5Gauss)  was  deemed  adequate  for  any 
practically  usable  signal.  The  natural  background  was  also  monitored 
throughout  the  24  hours  prior  to  each  test  and  ~3  hours  after  each  test. 


II.  RESULTS 

The  monitored  underground  tests  occurred  24  June,  August  and 
29  September  1982.  An  example  of  the  magnetic  field  data  from  two  stations 
for  the  24  June  test  is  shewn  in  Figure  3.  The  magnetometers  measured  the 
local  magnetic  field  along  three  axes:  the  z  axis  was  pointed  along  the 
local  (undisturbed)  field  direction,  the  x  axis  was  perpendicular  in  the 
plane  through  the  north  pole,  and  the  y  axis  toward  the  east.  All  data 
displayed  in  Figure  3  have  been  filtered  with  a  high  pass  lilter  in  the 
laboratory  in  order  to  eliminate  fluctuations  in  the  measured  field  with 


periods  greater  than  the  maximum  expected  signal  period  of  ~1  hour.  It 
should  be  noted  here  that  some  differences  in  the  behavior  of  the  records 
at  different  sites  cure  related  to  the  unique  pattern  of  the  local  ground 
conductivity.  However,  we  are  interested  in  features  with  ~10  minute 
periods  or  longer  that  have  apparent  time  delays  of  ~3  minutes  between 
stations  aid  occur  within  minutes  of  the  test. 

The  test  time  is  marked  with  arrows  in  Figure  3.  Although  the  data  show 
many  oscillations  of  ~10  minute  period,  they  occur  both  before  and  after 
the  test  and  at  equal  phases.  There  is  no  reason,  based  on  visual 
examination,  to  attribute  these  oscillations  to  anything  other  than  natural 
Be  5  activity.  The  other  test  results  show  similar  characteristics.  A 
similar  examination  of  natural  activity  in  the  data  from  the  nationwide 
Geophysics  Laboratory  magnetometer  chain  supports  this  conclusion. 

III.  CONCLUSIONS 

Based  on  magnetometer  observations  in  the  vicinity  of  three  underground 
tests  at  the  Nevada  Test  Site  during  1982,  it  is  concluded  that 
perturbation  currents  produced  in  the  ionosphere  by  the  atmospheric 
disturbance  launched  by  the  ground  movement  are  too  weak  relative  to  the 
natural  ULF  background  to  be  detected  easily  with  ground-based 
magnetometers  at  remote  sites.  In  spite  of  this  negative  conclusion,  the 
possibility  exists  that  sophisticated  data  processing  techniques  cold  be 
applied  to  the  records  from  two  stations  to  extract  a  weak  signal  of 
uncertain  form  from  these  records.  We  know  from  the  Mt.  St.  Helens  event 
that  these  effects  can  be  measurable.  We  do  not  know  how  the  effect  scales 
to  perturbations  of  the  type  caused  by  the  underground  tests.  It  is 


strongly  recommended  that  9ome  theoretical  predictions  of  the  expected  size 
of  the  perturbation  currents  for  various  atmospheric  disturbances  be 
carried  out  in  advance  of  future  experiments. 
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Figure  1 


Figure  2 


Figure  3 


Figure  Captions 

Nevada  Test  Site,  showing  locations  of  magnetometers  during 
the  experiments  ([]).  Pah rump,  the  third  site,  is  off  of  this 
map,  about  60  km  south  of  Area  25.  The  tests  occurred  near 
Pahute  Mesa. 

:  Schematic  illustration  of  an  atmospheric  wave  of  wavelength  X 
passing  through  the  ionosphere  volume  V.  Hie  perturbed  and 
unperturbed  altitude  profiles  of  ionospheric  electron  density 
are  shown  on  the  left,  while  the  background  geomagnetic  field 
direction  B  is  indicated  by  the  shaded  arrows.  Hie 
magnetometer  located  at  0,  which  normally  measures  the 
internal  field  and  the  fields  from  natural  current 
perturbations  above  and  within  the  ionosphere,  is  affected  by 
the  additional  oscillating  currents  caused  by  the  passing 
atmospheric  wave.  At  the  bottom  of  the  diagram,  the  Bio- 
Savart  integral  expresses  the  point  that  the  measured  field 
perturbation  6B  includes  the  field  produced  by  currents  in 
each  volume  element  d  overhead. 

:  Example  of  magnetometer  data  for  two  different  time  scales 
(see  text  for  description) .  Pahrump  observations  are  the  top 
three  traces;  Frenchman  data  are  the  bottom  three.  Hie  time 
of  the  test  is  marked  by  arrows. 
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